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14C-LABELING OF A NOVEL FUNGICIDE. I. SYNTHESES OF OPTICALLY ACTIVE (E)- 
14 AND (Z) - l -  ( 2,4-DICHLOROPHENY L ) -4,4-DIMETHYL-2- (1,2,4-TRIAZOL-[ 

PENTEN-3-OLS 
C] -1 -Y L ) -1 - 
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SUMMARY 

A novel fungicide, ( - )  (E)-1-( 2,4-di chlorophenyl)-4,4-dimethyl- 
2-(1,2,4-triazol-1-yl)-1-penten-3-ol (S-3308 L)  and i t s  three 
o p t i c a l l y  ac t i ve  stereoisaners were labeled w i th  carbon-14 a t  the 
t r i a z o l e  r i n g  f o r  use i n  the metabolic and environmental f a te  
studies. 1 ,2,4-Triazo1e-l4C (4) prepared from formamide-14C (3)  

1 4; was treated w i t h  branopi nacolone t o  give t r iazoly lp inacolone- 
(z), which was condensed w i th  2,4-dichlorobenzaldehyde g iv ing  
(Z)-ketone-14C (6).  (Z)-Ketone-14C (5) was photoisanerized t o  
(E)-ketone-14C ( L ) ,  which was reduced t o  racemic (E)-S-3308-l4C 
(1) i n  20% y i e l d  f ran  z. Reduction o f  5 gave racemic (Z)- 
5-3308- C (2) i n  23% y i e l d  from 5. Optical reso lu t ion  o f  both 
racemates 1 and 2 by a HPLC method w i t h  a c h i r a l  column gave 
(-)  (E)- , (+) (E)-, (-) (Z)- and (+) (Z) -1 -( 2,4-di chloropheny1)-4,4- 
dimethy1-2-(1,2,4-triazol-[ C]- l -y l ) - l -penten-3-01~ ( la ,  lb ,  2a 
and 2b) i n  essen t ia l l y  quant i ta t i ve  y ie lds .  

14 

14 

Key Words: Carbon-14, Opt ica l l y  Active, Fungicide, 1 ,2,4-Triazole-14C 

INTRODUCTION 

A novel t r i a z o l e  fungicide, S-3308 L, (-)(E)-1-(2,4-dichlorophenyl)-4,4- 

dimethyl-2-(l,2,4-triazol-l-yl)-l-penten-3-ol ((-)(E)-S-3308) has been found 

t o  possess potent t o x i c i t y  against a broad range o f  fungal species, 

especial ly against those belonging t o  A s c o m y c e t e s  and B a s i d i m y c e t e s  

There are three possible stereoismers of 5-3308 L such as (+)(E)-, (-)(Z)- and 

(+)(Z)-l-(2,4-dichlorophenyl)-4,4-dimethyl-2-(1,2,4-triazol-l -y l ) -1 -penten-3- 

ols, which are designated (+)(El-, (-)(Z)- and (+)(Z)-S-3308, respectively, 

(1 $2) . 

0362-4803/86/060637-1~5.00 
@ 1986 by John Wiley & Sons, Ltd. 

Received November 13, 1985 
Revised January 13, 1986 



638 I .  Nakatsuka et al. 

w i t h  regard to  asymnetry a t  C-3 and the substi tuent a t  C-1 . 
In order t o  compare the metabolism of 5-3308 L with i t s  stereoisomers i n  

mamnals, insec ts ,  plants, f ishes and so on, i t  was necessary to  prepare 

radioactive ones. 

14C-labeling of S-3308 L ((-)(E)-S-3308) and i t s  three stereoisaners ( ( + ) ( E ) - ,  

( - ) ( Z ) -  and (+)(Z)-S-3308) a t  the t r iazo le  ring. 

In this paper, we describe the synthetic methods f o r  

DISCUSS I ON 

Figure 1 i l l u s t r a t e s  the procedure fo r  the syntheses of ( - ) ( E ) - ,  (+)(E)-, 

( - ) ( Z ) -  and (+)(Z)-S-3308-(tria~ole-~~C). 

overcoming the following major problems: 1 )  preparation of 1,2,4-triazole-14C; 

2 )  isanerization of ( Z ) - k e t ~ n e - ~ ~ C  t o  (E)-ketone-14C; and 3)  optical resolution 

of ( E ) -  and (Z)-S-3308-(triazole- C ) .  

T h i s  work has been achieved by 

14 

There has been no report concerning the preparation of 1 , 2 , 4 - t r i a ~ o l e - ~ ~ C  

so f a r  although several methods fo r  the synthesis of the non-radioactive 

compound have been p ~ b l i s h e d ( ~ - ~ ) .  

1 , 2,4-tri azole , which i nvol ved the preparation of N ,N-di formyl hydrazi ne from 

hydrazine and formic acid or  formamide, followed by treatment of N,N-diformyl- 

hydrazine w i t h  an excess amount of l iquid amnonia(6). 

preparation, N,N-diformylhydrazine was obtained i n  a good yield b u t  the 

subsequent cyclization w i t h  l iquid amonia gave only a very low yield of 1,2,4- 

t r iazo le .  

radioactive preparation. 

l en t  amount of freshly prepared N,N-diformylhydrazine a t  160-170 "C fo r  9 hr 

to  give 1 , 2 , 4 - t r i a ~ o l e - ~ ~ C  (5) i n  a moderate yield.  

leads to loss of y ie ld ,  the crude product was used f o r  the following step 

without any purification. 

bromopinacolone gave t r i a z o l y l p i n a ~ o l o n e - ~ ~ C  (5) i n  31% yield fran 5 a f t e r  

purification by a column chromatography on s i l i c a  gel.  

Ainsworth et ai. reported the synthesis of 

In our small scale 

After considerable t r i a l s ,  we found a new useful method fo r  the 
14 Thus ,  formamide- C (3) was treated w i t h  an equiva- 

Since the i so la t ion  of 5 

Treatment of 4 w i t h  sodium ethoxide followed by 

The spec i f ic  ac t iv i ty  of 5 was found to  be about 2/3 as much a s  t ha t  of 

The mechanism of 1,2.4-triazole formation has not been formamide-14C used. 

c l a r i f i ed  ye t ,  b u t  this finding can be explained by supposing the following 
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Fig. 1 Scheme f o r  the synthesis o f  ( - ) ( E ) - ,  (+ ) (E ) - ,  ( - ) (Z) -  and 

(+) (Z)-S-3308-( triazole-14C) 

process: 1 )  the exchange o f  the formyl groups between f ~ r m a r n i d e - ~ ~ C  (?) and 

N,N-difonnylhydrazine (8) might take place p r i o r  t o  the cyc l i za t i on  o f  a 

postulated intermediate (2) t o  give radioact ive N,N-diformylhydrazine (8’)  

(about 2/3 spec i f i c  a c t i v i t y  o f  f ~ n a m i d e - ’ ~ C  used) and d i l u t e d  formamide-14C 
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Fig. 2. A possible mechanism f o r  the formation o f  1 , 2 , 4 - t r i a ~ o l e - ~ ~ C  

(3')(about 1/3 spec i f i c  a c t i v i t y  o f  o r i g ina l  one); and 2) radioact ive N,N- 

diformylhydrazine (8 ' )  might be cycl ized t o  1 ,2,4-triazole-14C via the 

intermediate (2) as i l l u s t r a t e d  i n  Figure 2 .  

the f a c t  t ha t  radioact ive N,N-diformylhydrazine ( 8 ' )  was detected i n  the 

react ion mixture o f  the t r i azo le  formation step. 

This process i s  supported by 

T r i a z o l y l p i n a ~ o l o n e - ~ ~ C  (5 )  - was allowed t o  reac t  w i th  2,4-dichlorobenz- 

aldehyde i n  the presence o f  t r iethylamine t o  a f f o r d  a 95:5 mixture o f  (Z)- and 

(E)-ketone-14C, which was p u r i f i e d  by column chromatography on s i l i c a  gel g iv ing  

(Z)-ketone-14C (6) i n  84% y i e l d .  

borohydride i n  the presence o f  c a t a l y t i c  amount o f  s u l f u r i c  ac id  i n  methanol 

t o  give (Z)-S-3308-(tria~ole-~~C)(2) - i n  90% y i e l d  a f t e r  p u r i f i c a t i o n  by column 

chranatography on s i l i c a  gel .  

acid was very e f f i c i e n t  t o  prevent the formation o f  unfavorable by-products. 

Photoisomerization o f  non-radioactive (Z)-ketone t o  (E)-ketone has been 

(Z)-ketone-14C (6) was reduced w i t h  sodium 

I n  t h i s  reduction, a small amount o f  s u l f u r i c  

reported by Funaki et a ~ . ( ~ ) .  

modif icat ions su i tab le  f o r  the radioact ive preparation. 

chosen as a solvent instead o f  acetone, used i n  the o r ig ina l  method, t o  avoid 

We successful ly appl ied t h i s  method w i th  some 

Thus, toluene was 
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Table 1 Retention times o f  the four stereoisomers 
on c h i r a l  HPLC colunns 

Stereoi saners Retention t ime Column & 
(mi n) Condition 

~ _ _  

(-  ) (E) -S-3308 12.2 A 
(+) (E)-S-3308 15.0 A 
(- ) (Z)-S-3308 18.5 B 

(+) (Z)-S-3308 21.2 B 

A: column: Sumipax M-2200 (4  mn x 25 cm) 
solvent: n-hexane/l,2-dichloroethane/ethanol 350/40/4 
f low rate:  1.0 ml/min 

solvent: n-hexane/1,2-dichloroethane/ethanol = 700/70/5 
f low rate:  0.8 ml/min 

B: column: Sunipax OA-4200 (4 mn x 25 un) 

the unfavorable e f fec ts  due to the decrease o f  the volume during the react ion.  

A so lu t ion  o f  6 i n  toluene was i r rad ia ted  w i th  uv l i g h t  f o r  1 h r  w i th  bubbling 

ni t rogen t o  give a 9: l  mixture o f  l a n d  6. 
remove 5, the resu l t i ng  product was imnediately reduced by the same manner used 

i n  the reduction of 5 t o  a f fo rd  a 9:l mixture o f  (E)- and (Z)-S-3308-(triazole- 

14C)(1) i n  78% y i e l d  f r o m  6, together w i t h  2 (9%). 

Since i t  was ra ther  d i f f i c u l t  t o  

Opt ical  reso lu t ion  o f  non-radioactive (E)- and (Z)-S-3308 has been car r ied  

This method, however, out  by the method using the diastereoisaneric es te r (4 ) .  

does no t  seem to be proper f o r  the radioact ive preparation because o f  i t s  

tedious process and low y ie lds  espec ia l l y  i n  a small scale preparation. 

Recently, Ohi et a l .  reported tha t  the HPLC methods w i t h  ch i ra l  colunns can 

resolve various enantianem such as amino acids, mines  and acids 

Expecting tha t  t h i s  method could be applied f o r  the reso lu t ion  o f  the radio- 

ac t i ve  compounds, we examined the separation o f  the racemates 1 and 2 on the 

various c h i r a l  columns. As a resul t ,  we found tha t  Sumipax OA-2200 colunn 

(ch i ra l  stat ionary phase: N- ( lR ,  3R)-tra11~-chrysanthemoyl-(R)-phenylglycyl- 

aminopropylsi l ica) and OA-4200 column (ch i ra l  stat ionary phase: N-(R)-1- 

naphthylethylamidocarbonyl-(R)-phenylglycineami nopropyl s i  li ca) were the best 

columns f o r  1. and 2, respectively, as shown i n  Table 1. 

(9-11 ) 
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By the use of these columns, the stereoisomers, ( - ) ( E ) - ,  ( + ) ( E ) - ,  ( - ) ( Z ) -  and 

(+)(Z)-S-3308-(tria~ole-~~C)(la, - l b ,  ga and - 2 b )  were obtained i n  quantitative 

yields. 

unlabeled authentic samples. 

These f ina l  products were identical i n  every respect w i t h  the 

EX PER IMENTAL 

Thin-layer Chromatography (TLC) was carried out on s i l i c a  gel 60 F254 p la te  

(Merck) w i t h  the following solvent systems: solvent A ,  chloroform/ethyl ace ta te l  

methanol/28% aqueous ammonia = 60/30/10/1; solvent B, chloroform/methanol = 4/1; 

solvent C, benzene/acetone = 1/1; solvent 0, toluene/acetonitri lehethanol = 

40/8/2; solvent E ,  benzene/ether = 8/2; solvent F, benzene/ether 7/3; 

solvent G ,  acetonitrile/methanol = 9/1. 

on a Yanaco GC-80 gaschromatograph (Yanagimoto Co., Ltd. ,  Japan) equipped with 

a RD-4 gas-flow GM-counter (Nihon Musen Co., Ltd . ,  Japan) with the following 

glass columns and conditions: GC1, colunm: 2% FFAP on Uniport HP (3  m x 3 m ) ,  

column temperature: 170 " C ,  He: 30 ml/min; G C 2 ,  column: 5% XE-60 on Chromosorb 

WAWDMCS (3 nn x 2 m ) ,  column temperature: 200 O C ,  He: 47 ml/min; GC3, column: 

2% FFAP on Unipor t  HP (3 n x 3 m ) ,  column temperature: 260 "C,  He: 60 ml/min. 

IR spectra were determined by a Jasco IR-810 (Nihon Buncoh Co., L t d . ,  Japan). 

NMR spectra were recorded on a Hitachi R-24 B (Hitachi Co., L td . ,  Japan) w i t h  

tetramethylsilane as an internal standard. High performance l iquid chromato- 

graphy (HPLC) was carried out on a Waters model 6000 liquid chromatograph 

equipped with Aloka radioanalizer RLC-551 (Aloka Co., Ltd., Japan). 

Formamide-14C (170 m C i ,  spec i f ic  ac i t i v i ty  (38.6 mCi/mnole)) was purchased from 

Pmersham International plc (England). Chiral HPLC columns, Sumipax OA-2200 

and Sumipax OA-4200 

Sumi ka Chemi cal Analysi s Service Ltd . (Japan ) . 

Gas chromatography (GC) was conducted 

R 

f o r  analytical and preparative HPLC were purchased from 

1 , 2 , 4 - T r i a ~ o l e - ~ ~ C  (4) -- A mixture of formamide-14C (170 mCi, 198 mg, 4.40 

m o l e )  and N,N-diformylhydrazine (388 mg, 4.40 m o l e )  freshly prepared by 

Ainsworth's 

Carbon monoxide formed dur ing  the reaction was trapped in to  a solution of copper 

chloride i n  28% aqueous amonia. After cooling, ethanol and benzene were added 

was heated a t  160-170 O C  f o r  9 hr under nitrogen stream. 
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t o  the mixture, and then the solvent was d i s t i l l e d  under atmospheric pressure 

t o  give a residue, which was used f o r  the next step without any p u r i f i c a t i o n .  

1 -(1,2,4-Triazol -[ ''C]-1-yl )-3,3-dimethyl butane-2-one (5) -- A mixture o f  

1,2,4-tr iaz01e-~~C and a so lu t ion  o f  sodium ethoxide (313 mg, 4.60 m o l e )  i n  

ethanol (2.2 m l )  was heated a t  110-120 "C f o r  1 h r .  

pinacolone (827 mg, 4.62 m o l e )  was added t o  the reac t ion  mixture, and the 

mixture was s t i r r e d  a t  50-60 O C  f o r  2 h r .  A f te r  cooling, the mixture was 

d i l u t e d  w i th  water, extracted w i th  chloroform, and the ex t rac t  was washed w i th  

5% sodium carbonate and water, dried, and evaporated t o  give a residue. 

Column chromatography o f  the residue on s i l i c a  gel  w i th  chloroform gave 

1 - (1 ,2,4-tri azol -[ C 1-1 -yl)-3,3-dimethyl butane-2-one (5) (52.5 mCi  , 341 mg , 
spec i f i c  a c t i v i t y  25.7 mCi/mole, y i e l d  31%. p u r i t y  99%); mp 64 "C; TLC: Rf(A) 

0.45, Rf(B) 0.60, Rf(C) 0.33; GC1: re ten t ion  time 9.0 min; I R  vmax (chloroform): 

1735 an-l (C=O): NMR (6, C0Cl3): 1.30 (lH, s, t e r t -bu ty l  H), 5.20 (2H, s, 

methylene H), 7.95 (lH, s, t r i a r o l e  H), 8.16 (lH, s, t r i a z o l e  H). 

A f te r  cooling, brano- 

14 

(Z)-1-( 2,4-Dichlorophenyl) -4,4-dimethyl-2-( 1,2,4-tri azol -[ 14C]-l -yl )-1 -penten- 

- -  3-One (6 )  -- A mixture of 1-(1,2,4-triazol-[ C]-l-yl)-3,3-dimethylbutane-2-one 

(52.5 m C i ,  341 mg, 2.04 m o l e ) ,  t r iethylamine (2.04 g), 2,4-dichlorobenzaldehyde 

(1.07 g, 6.13 m o l e )  and acet ic  anhydride (4.2 m l )  was s t i r r e d  a t  55-65 "C f o r  

5 h r  under nitrogen. A f t e r  cooling, the mixture was d i l u ted  w i th  water, made 

a l ka l i ne  w i th  sodium carbonate, and extracted w i t h  ether. 

washed w i th  water, dried, and evaporated t o  give a residue, which was shown by 

TLC (solvent E )  t o  be a 95:5 mixture o f  the (Z)- and (E)-isaners. The residue 

was p u r i f i e d  by column chromatography w i th  benzene-ether = 9/1 t o  a f f o r d  (Z)-1- 

(2,4-dichlorophenyl)-4,4-dimethyl-2-( 1,2,4-triazol-[ C]-l-yl)-l-penten-3-one 

(&)(44.1 mCi, 558 mg, y i e l d  84%. p u r i t y  99%); mp 120 OC;  TLC: Rf(D) 0.51, R f  (E) 

0.29; GC2: re ten t ion  time 15.5 min; I R  umax (chloroform): 1680 cm-l (C=O); 

NMR (6, CDC13): 1.30 (9H, s. t e r t -bu ty l  H), 6.38-7.45 (lH, m, aromatic H), 7.52 

(lH, s, o l e f i n i c  H), 7.90 (1H. s, t r i a z o l e  H), 8.00 (lH, s ,  t r i a z o l e  H). 

14 

The ex t rac t  was 

14 
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(t) (Z)-1-( 2,4-Dichlorophenyl)-4,4-dimethyl-2-( 1,2,4-triazol -[ 14C]-l -yl)-1- 

penten-3-01 ((Z)-S-3308-(tria~ole-~~C))(2) -- A solution of su l fu r i c  acid (0.9 

mg) in methanol (90 111) and sodium borohydride (55 mg, 1.46 m o l e )  were added t o  

a s t i  rred, cooled so lu t i  on of (Z)-1 - (2,4-di chlorophenyl)-4,4-dimethyl-2-( 1,2,4- 

triazol-[ C]-l-yl)-l-penten-3-one (5)(17.4 m C i ,  219 mg, 0.677 m o l e )  i n  

methanol (6.1 m l ) .  The mixture was s t i r r e d  a t  0-5 "C for  1.5 hr. After 

decomposition w i t h  water, and hydrochloric acid, the mixture was extracted w i t h  

ether.  

residue. 

(gradient)  gave (Z)-S-3308-(tria~ole-~~C)(2)(15.7 m C i ,  199 mg, yield 90%, purity 

99%); mp 162 O C ;  TLC: Rf(D) 0.45, Rf(F) 0.14, Rf(G) 0.55; GC3: retention time 

17.5 m i n ;  NMR (6, CDC13): 0.82 ( l H ,  s ,  tert-butyl H ) ,  3.60 (lH, bs ,  hydroxyl H ) ,  

4.44 ( l H ,  s ,  methine H ) ,  6.40-7.50 (4H, m ,  aranatic and o le f in ic  H ) ,  7.80 

(lH, s, t r iazo le  H ) ,  8.00 (lH, s ,  t r iazo le  H ) .  

14 

The ex t rac t  was washed w i t h  water, dried,  and evaporated to  give a 

Chromatography of the residue on s i l i c a  gel w i t h  benzene-ether 

Optical resolution of (z)-s-3308-(triazo1e-l4c)(1) -- A solution of (ZI-S- 

3308-(tria~ole-'~C)(2)(15.7 m C i ,  199 mg) i n  dioxane (995 p l )  was injected by 

portions (50 p l )  on a HPLC system (column: Sumipax OA-4200 , 8 m x 25 cm 

(x 2 ) ,  mobile phase: n-hexane/l,2-dichloroethane/ethanol = 700/70/5, flow rate:  

4 ml/min). Fractions containing the (-)-isaner (retention time: 18.5 m i n )  and 

the (+)-isaner (retention time: 21.5 m i n )  were collected,  and evaporated t o  give 

(-)(Z)-s-3308-(tria~ole-~~C)(ga)(7.6 m C i ,  96 mg, spec i f ic  ac t iv i ty  25.7 

mCi/mole, yield 99%, purity 99%) and (+) (Z)-S-3308-(tria~ole-~~C)(gb)(7.8 m C i ,  

99 mg, specific ac t iv i ty  25.7 mCi/mnole, yield 99%, purity 99961, respectively. 

These products were identical  i n  every respect w i t h  the unlabeled authentic 

samples. 

(E) -1 - (2,4-Di chloropheny1)-4,4-dimethyl-2-( 1,2,4-tri azol-[' 4C]-l -yl ) -1-penten- 

3-one (r) -- A solution of (Z)-1-(2,4-dichlorophenyl)-4,4-dimethyl-2-(1,2,4- 

tr iazol-[  Cl-l-yl)-l-penten-3-one (g)(26.7 m C i ,  337 mg, 1.04 m o l e )  i n  toluene 

(17 ml) was irradiated w i t h  the l i g h t  of a 500 W high pressure mercury lamp 

(Koeisha EHB-WI-500, Koeisha Ltd. ,  Japan) f o r  1 h r  w i t h  bubbling nitrogen. 

14 
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The solvent was evaporated t o  give a residue (26.7 mCi), consist ing o f  an 

approximately 9:l mixture o f  L and 5. 
reac t ion  wi thout any pu r i f i ca t i on .  

The product was used the fol lowing 

J?) (E)-1-(2,4-Dich1orophenyl)-4.4-dimethyl-2-(1 .2,4-triazol-[ l4C]-1 -yl )-1- 

penten-3-01 ((E)-S-3308-(tria~ole-~~C))(1) -- A so lu t ion  o f  s u l f u r i c  acid (1.2 

mg) i n  methanol (120 p l )  and sodium borohydride (77 mg, 2.04 m o l e )  were added 

t o  a s t i r red ,  cooled so lu t i on  o f  (El-1 - (2,4-dichlorophenyl)-4,4-dimethyl-2-( 
1,2,4-triazol-[ 14 C]-l-yl)-l-penten-3-one (7)(26.7 m C i ,  337 mg, 1.04 m o l e )  i n  

methanol (8.5 ml) .  The mixture was s t i r r e d  a t  0-5 "C f o r  1.5 hr. 

A f te r  decomposition w i th  water, and hydrochloric acid, the mixture was extracted 

w i th  ether. 

a residue (26.2 mCi), as a 9:l mixture o f  1 and 2. 
residue on s i l i c a  gel w i th  benzene-ether (gradient)  gave (E)-S-3308-(triazole- 

''C)(1)(20.8 - m C i ,  264 mg, y i e l d  78%, p u r i t y  99%); mp 148 "C; TLC: Rf(D) 0.36, 

Rf(F) 0.07, Rf(G) 0.55; GC3: re ten t ion  time 16.0 min; NMR (6, CDC13): 0.70 (9H, 

s, t e r t -bu ty l  H), 4.50 (ZH, q. rnethine and hydroxyl H), 6.90 (lH, s, o l e f i n i c  

H), 7.20-7.60 (3H, m, aranat ic H), 8.07 (lH, s, t r i a z o l e  H), 8.60 (lH, s, 

t r i azo le  H). 

The ex t rac t  was washed w i th  water, dried, and evaporated t o  give 

Chromatography o f  the 

Optical reso lu t ion  o f  (E)-S-3308-(tria~ole-~~C)(l) -- A so lu t ion  o f  (E)-S-3308- 

( t r i a ~ o l e - ~ ~ C ) ( 1 ) ( 2 0 . 8  m C i ,  264 mg) i n  dioxane (846 111) was in jec ted  by port ions 

(50 p l )  on a HPLC system (column: Sunipax OA-2200 

phase: n-hexane/l,2-dichloroethane/ethanol = 450/40/4, f low rate:  3.0 ml/min). 

Fractions containing the (-)-isomer ( re ten t ion  time 12.2 min) and the (+)-isomer 

( re ten t ion  time 15.0 min) were col lected, combined, and evaporated t o  a f fo rd  

(-) (E) 4-3308-( t r iazole- '  4C) (S-3308 L- l  4C) ( l a )  (9.9 m C i  , 1 26 mg, spec i f i c  

a c t i v i t y  25.7 mCi/mnole, y i e l d  95%, p u r i t y  99%) and (+)(E)-S-3308-(tria~ole-~~C) 

( lb l (10.4 mCi ,  132 mg, spec i f i c  a c t i v i t y  25.7 mCi/mnole, y i e l d  loo%, p u r i t y  

99%), respectively. 

unlabeled authentic samples. 

, 8 mn x 25 cm (x 2 ) ,  mobile 

These products were i den t i ca l  i n  every respect w i th  the 
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